INTRODUCTION {#sec1-1}
============

Medical guidelines advise perioperative continuation of therapies that have a potential for myocardial protection such as beta blockers, calcium channel blockers, alpha 2 agonists,\[[@ref1][@ref2][@ref3][@ref4]\] at the same time discontinuing angiotensin-converting enzyme inhibitors (ACEI) or angiotensin II receptor antagonists (ARA) on the morning of surgery. Hence, the present study was conducted to determine the effect of pre-operative discontinuation of ACEI or ARA therapy on intraoperative blood pressure (BP) in surgical patients after induction of general anesthesia (GA).

MATERIALS AND METHODS {#sec1-2}
=====================

The study was conducted from August 2008 to July 2012, after obtaining approval from the hospital ethical committee and consent from the patients. The type of study was randomized, prospective and double blinded.

A total of 60 patients who were aged between 40 and 60 years, belonging to ASA grade II and III, receiving only ACEI or ARA for control of hypertension for at least 3 months with preoperative BP at the time of admission ≤140/90 mmHg.

Patients were randomized by sealed envelope technique into two equal groups, Group A and Group B. Group A consisted of 30 patients whose ACEI or ARA drug was stopped the day before surgery. Group B consisted of 30 patients whose ACEI or ARA drug was continued on the day of surgery. Patients with valvular and ischemic heart diseases, cardiac failure, carcinoid tumors, pheochromocytoma or thyrotoxicosis were excluded.

Anesthetic management was standardized by a study protocol. The pre medication drugs, induction agents, analgesics, muscle relaxants and volatile anesthetic agents used for maintenance of anesthesia were the same for all patients. In the operation theatre a large bore intravenous (IV) cannula was put under local anesthesia. Midazolam 0.02 mg/kg and fentanyl 2.0 μg/kg were given IV slowly. A crystalloid infusion 10 ml/kg was given to all patients before induction followed by 5 ml/kg/h until the end of surgery.

All patients were induced with propofol 2.0 mg/kg followed by vecuronium 0.1 mg/kg and were ventilated with 60% of oxygen, 40% of nitrous oxide and 1% of isoflurane. At the end of 3 min, a quick and gentle laryngoscopy and tracheal intubation were done. Throughout the surgical procedure anesthesia was maintained with the combination of oxygen, nitrous oxide and isoflurane with controlled ventilation maintaining normocapnia and normoxia with oxygen saturation ≥98%. Intraoperative monitoring included continuous electrocardiogram, noninvasive BP monitoring by an oscillometric device, respiratory gas monitoring and pulseoxymetry.

Systolic blood pressure (SBP), diastolic blood pressure (DBP) and mean arterial pressures (MAP) were measured just before induction and after induction at 1, 3, 5, 10, 15, 30, 45 and 60 min. Intraoperative hypotension was defined as SBP \<85 mmHg and hypertension as SBP \>140 mmHg.

Hypotension was treated initially with increasing the infusion rate of IV crystalloids, giving a maximum of up to 1000 ml. Whenever MAP was \<60 mmHg, hypotension was treated with IV ephedrine in incremental bolus doses of 6 mg. Those patients who received ephedrine were expelled from the study as further BP readings could be affected by the use of ephedrine.

Data was analyzed using SPSS 11.0 software. Difference between means was analyzed using Normal test for means and corresponding *P* values were also calculated. Normal test for significant difference between two proportions were also used for analysis and the level of statistical significance *P* \< 0.05.

RESULTS {#sec1-3}
=======

The group comparison demonstrated no significant difference in distribution among two groups with regard to distribution of age, sex, ASA physical status, antihypertensive drugs (ACEI and ARA) and operative procedures.

When pre-induction SBP, DBP and MAP were compared between groups at 1 min there was no significant change in both groups. However when pre-induction SBP, DBP and MAP were compared with subsequent readings at 3, 5, 10, 15, 30, 45 and 60 min it was found that Group A and Group B were significantly different. There was a significant reduction in SBP, DBP and MAP in Group B at 3, 5, 10, 15, 30, 45 and 60 min (*P* \< 0.01, *P* \< 0.05, *P* \< 0.01 respectively) \[Tables [1](#T1){ref-type="table"}-[3](#T3){ref-type="table"} and Figures [1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"}\].
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DISCUSSION {#sec1-4}
==========

The present study was in agreement with several studies in the past, which all had reported intraoperative hypotension with the use of ACEI and ARA in the surgical setting.\[[@ref5][@ref6][@ref7][@ref8][@ref9][@ref10][@ref11]\] In the present study, we defined hypotension as SBP ≤85 mmHg, based on the previous study by Comfere *et al*.\[[@ref6]\] However, the patient safety was not compromised as hypotension lasting for \>1 min and/or MAP \<60 mmHg was promptly treated.

In the study by Comfere *et al*.,\[[@ref6]\] it was reported that hypotension occurred in about 60% of patients who had last ACEI or ARA therapy less than 10 h prior to anesthetic induction. But in the present study, hypotension occurred much more frequently with almost all patients developing hypotension who had ACEI or ARA on the day of surgery. The difference could be due to the fact that in the study by Comfere *et al*.,\[[@ref6]\] various induction agents were used like thiopentone and propofol. In the present study only propofol was used as an induction agent, which could have caused more frequent hypotensive episodes. Malgorzata *et al*.\[[@ref12]\] who also found more profound hypotension with propofol induction when compared with etomidate induction in patients who had received ACEI.

In the study by Bertrand *et al*.\[[@ref9]\] statistically significant reduction in SBP was seen during the initial 5-23 min time interval only. But we found that significant hypotension persisted even at the end of 60 min in Group B, though clinically BP had returned to normal levels by that time. This could be because in the study by Bertrand *et al*.,\[[@ref9]\] hypotension was corrected by vasopressors, which might have influenced further BP readings so that significant hypotension was observed only initially. In the present study to correct a fall in MAP up to 60 mmHg only IV fluids was used and those who needed vasopressors were expelled from the study. However it could be said that in the present study, there was no influence of vasopressors on subsequent BP readings after their use. Omeed *et al*.\[[@ref7]\] had also observed significant hypotension not only during the induction of anesthesia, but throughout the entire anesthetic period.

We were able to maintain MAP above 60 mm of Hg with IV fluids in most of the patients who received ACEI or ARA on the day of surgery, which was in agreement with observations made by Tohmo and Karanko.\[[@ref13]\] They stated that intraoperative hypotension in these patients was related to improper fluid balance due to pre-operative fasting and had recommended that proper IV volume status should be ensured. Similarly Colson *et al*.\[[@ref14]\] attained rapid restoration of arterial BP with the IV lactated ringer solution in these patients. Toraman *et al*.\[[@ref15]\] also reported an association between ACEI and an increased need for volume replacement.

In our study, four patients in Group B required ephedrine to maintain MAP above 60 mmHg and were subsequently expelled from the study as per protocol. This was done so as further BP readings could be affected by the use of ephedrine. Four new patients were recruited in Group B in place of the patients who were removed from the study.

One of the main drawbacks of our study was that we did not analyze heart rate. Another drawback was that hypotension was treated with ephedrine as terlipressin, the most effective drug for treating hypotension in ACEI or ARA treated patients, was not available in our institution.

CONCLUSION {#sec1-5}
==========

As the continuation of ACEI or ARA into the perioperative setting produces undesirable hypotension after induction of GA, it can be concluded that intraoperative hemodynamics can be more safely managed when these agents are withheld on the day of surgery.
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